Midguts from Plutella xylostella, which are susceptible (PXS) and highly resistant (PXR) to Bacillus thuringiensis Cry1Ac, were homogenized and reacted with UDP-6-3 H-galactose (Gal) or UDP-6-3 H-N-acetylgalactosamine (GalNAc) in a bid to find a resistance mechanism. Gal was incorporated into both chloroform/methanol (C/M) soluble and insoluble fractions but GalNAc was incorporated into only the C/M insoluble fraction. PXS demonstrated a significantly higher level of incorporation; in particular, GalNAc was incorporated into the C/M insoluble fraction 1.5 times more in PXS than in PXR. The incorporation of Gal and GalNAc was enhanced with Mn 2ϩ 2-and 4-fold, respectively. The tissue homogenate was fractionated after the incorporation of sugars and the cytosol fraction rich in microsome (Micro/Cyto) had the highest radioactivity. Although the incorporation of these two sugars was higher in PXS, the level of incorporation was at best 2-fold higher. Mutation in fundamental steps of oligosaccharide synthesis must be lethal, thus, the mutation must be strictly limited to that bringing the different sugar residue(s) to the outer region of the oligosaccharide. This must be the reason why the lower sugar transferase activity in PXR could not explain the substantially higher resistance in PXR. We briefly discuss the mechanism of resistance in P. xylostella against Cry1Ac.
INTRODUCTION
Bacillus thuringiensis is a Gram-positive soilliving bacterium thought to produce insecticidal crystal protein (ICP) during spore formation. It is now clear that spore formation and ICP synthesis are independent physiological processes. When ICP is ingested by a Cry toxin-susceptible insect, the crystals are dissolved in the alkaline midgut fluid and trypsinized further to result in an activated d-endotoxin, Cry toxin, 60 kDa in size (Höfte et al., 1986) . Cry toxin then binds to the appropriate receptor proteins localized on the plasma membrane of epithelial cells of the insect's midgut, the brush border membrane (BBM) (Lee et al., 1992; Valaitis et al., 1995) . Aminopeptidase-N (APN) (Knight et al., 1994; Sangadala et al., 1994; Gill et al., 1995; Valaitis et al., 1995; Yaoi et al., 1997; Jenkins et al., 2000) or cadherin-like proteins (CadLP) are candidates for these receptor proteins (Vadlamudi et al., 1993; Ihara et al., 1998; Nagamatsu et al., 1998a, b; Gahan et al., 2001; Gómez et al., 2001; Morin et al., 2003) and the new molecule, resulting from the Cry toxin binding to receptor proteins, inserts itself into the BBM by making a tiny pore. Thereby, the balance of influx and efflux of ions is destroyed and the cell loses homeostasis. Consequently, the midgut cells and tissue are unable to maintain their integrity, resulting in reduced health, and finally death.
Biopesticides are an important tool of integrated pest management (IPM), a recognized prerequisite for progressive, sustainable agriculture. The formulation of B. thuringiensis Cry toxin is the most widely used biopesticide and is thought to be one of the important and promising tools to support IPM. The diamondback moth, Plutella xylostella, however, was reported to have developed resistance in both the field and laboratory against Cry toxins (Tabashnik, 1994) , where it is able to easily develop strains resistant to repetitive application of Cry toxin. These are very crucial problems that need to be overcome to ensure the continued use of environmentally friendly biopesticides. Simultaneously, laboratory developed resistant P. xylostella is recognized as good material to study the mechanism of Cry toxin resistance.
Actual resistance mechanisms may differ from insect to insect and it is therefore not easy to elucidate either the principle or a comprehensive central view, although several mechanisms have been elucidated in some insects. In Helicoverpa armigera, a reduced receptor was reportedly needed for the resistance mechanism (Van Rie et al., 1990) . Tabashnik et al. (1994) also reported that the binding ability of resistant BBM vesicle (BBMV) to Cry1Ac was much lower than the susceptible strain in P. xylostella, but there is also a report showing that the binding ability did not correlate with the resistance mechanism (Luo et al., 1997) . The resistant mechanism is therefore still under discussion.
Recently, our laboratory reported that Cry1Ac-resistant P. xylostella, which was not killed by Cry1Ac, had half the amount of neutral glycolipids compared to susceptible insects (Kumaraswami et al., 2001) . Furthermore, we found that the sugar portion of oligosaccharylceramide seemed to stop elongation during pentasaccharide synthesis in resistant strains.
In addition, the nematode, Caenorhabditis elegans, glycolipid has been thought to be a receptor for Cry5B toxin and C. elegans resistant to Cry5B is missing several sugar transferases including Gal transferase (Griffitts et al., 2001 (Griffitts et al., , 2003 (Griffitts et al., , 2005 . On the other hand, it was established that Cry1Ac contains a GalNAc binding site which has been suggested to recognize the residue(s) in receptor glycoproteins (Burton et al., 1999) . These reports suggest an important role(s) in the localization of sugar chains to the BBM of the insect midgut.
To test whether structure changes of neutral sugar lipid are needed to induce resistance in P. xylostella, we compared sugar transferase activity in the midguts of resistant and susceptible P. xylostella. In particular, we were interested in the enzymes Gal and GalNAc transferase, since in arthropods, including insects, these two sugars are generally transferred by the two enzymes to a location far beyond the third sugar residue (counted from the reducing end, i.e. ceramide side), located in the oligosaccharide portion. Thus, a sugar side chain containing these sugar residues is expected to be longer than a tetra-saccharide.
Here we report a comparative study of enzyme activities in Cry1Ac-resistant and -susceptible P. xylostella, and also briefly discuss the resistance mechanism in which a sugar side chain is involved.
MATERIALS AND METHODS
Insects. Cry1Ac toxin-susceptible, or wild-type Plutella xylostella (PXS) and resistance strain (PXR) were established, reared and given an artificial diet as defined by Maruyama et al. (1999) . The resistance of PXR was maintained by periodic Cry1Ac feeding.
Preparation of midgut cell homogenate of P. xylostella. Midgut was prepared from the last instars of P. xylostella, which were susceptible and resistant to Cry1Ac (Kumaraswami et al., 2001) . Midguts were homogenized with a Polytron homogenizer (DIAX-900; Heidolph Instruments, Schwabach, Germany) at 11,000 rpm for 4 min at 2-min intervals to cool down to 4°C in 50 mM Hepes-NaOH, pH 7.4, containing the same volume of Protease Inhibitor Cocktail for general use (Sigma-Aldrich, St. Louis, MO, USA), 0.02 mM CDP-choline, 2 mM ATP, 0.2 mM BAL and 0.02 mM galactonolactone. The homogenate was adjusted to 10 mg protein/ml homogenate.
Incorporation of radioactive UDP-Gal and UDP-GalNAc into midgut tissue of P. xylostella. Midgut homogenate in 99 ml of buffer, was mixed with or without 10 mM MnCl 2 and 1 ml of 37 MBq/ml (740 GBq/mmol) UDP-6-3 H-Gal or 2 ml of 18.5 MBq/ml (740 GBq/mmol) UDP-6-3 HGalNAc (American Radiolabeled Chemicals, St. Louis, MO, USA). Fifty pmol of each of these sugars was added to give a final concentration of 0.5 mM. The mixture was reacted for 3 h at 30°C and 1.4 ml of 50 mM Hepes-NaOH (pH 7.4) was added, from which various fractions were prepared.
Chloroform/methanol (C/M) extraction of midgut homogenate. Midgut homogenate reacted with sugar nucleotides was homogenized with a mixture of C/M/100 mM acetic acid (1 : 1 : 0.9) at 200 rpm for 30 min at 25°C and centrifuged at 20,000ϫg for 5 min at 25°C to separate organic and water phases. Unreacted sugar nucleotide was removed thoroughly by washing as follows. The recovered organic phase was washed with 1 ml of 50% methanol saturated with CHCl 3 to remove free radioactive sugar nucleotides and the organic phase was again recovered by centrifugation. Unlike the organic phase, the recovered water phase was mixed with 100 ml of 100% (w/v) trichloroacetic acid (TCA), and allowed to stand for 1 h on ice. The resulting precipitate was recovered by centrifugation at 20,000ϫg for 10 min at 4°C. The precipitate was suspended in 90% (v/v) acetone and centrifuged at 20,000ϫg for 5 min at 4°C twice to remove TCA.
Fractionation of cell homogenate after incubation with radioactive sugar nucleotides. The addition of Mn 2ϩ to the reaction medium significantly enhanced the uptake of sugar nucleotides, but severe membrane coagulation took place as a result of this addition and it was impossible to further fractionate the cell homogenate. Consequently, MnCl 2 was not used in the cell fractionation experiment.
The reaction mixture was precipitated by centrifugation at 500ϫg for 10 min at 4°C. The resulting precipitate was designated as the nuclei/cell debris fraction (Nuc/CellDeb). The supernatant was further centrifuged at 20,000ϫg for 10 min at 4°C and the resulting precipitate and supernatant were designated as the mitochondria/lysosome fraction (Mito/Lyso) and the microsome/cytosol fraction (Micro/Cyto), respectively. The latter was condensed to 400 ml by a centrifugal concentrator and 50 ml of 1.8 M acetic acid was added to a final concentration of 200 mM.
Both fractions, Mito/Lyso and Nuc/CellDeb, were finally suspended with 1.5 ml of 50 mM Hepes-NaOH, pH 7.4 and centrifuged at 20,000ϫg for 10 min at 4°C. This centrifugation was repeated once more to thoroughly remove the free radioactive sugar nucleotides. Finally, the resultant precipitates were well suspended in 450 ml of 100 mM acetic acid.
Each fraction obtained was mixed with 1 ml of a mixture of CHCl 3 : CH 3 OH (1 : 1) at 200 rpm for 30 min at 25°C and the mixture was centrifuged at 20,000ϫg for 5 min at 25°C to separate organic and water phases. The organic phase was recovered and in the case of Micro/Cyto, 1 ml of 50% methanol saturated with CHCl 3 was added to remove free radioactive sugar nucleotides and the organic phase was recovered again by centrifugation. All resultant organic phases and fractions were evaporated.
The above recovered Micro/Cyto water phase was mixed with 100 ml of 100% (w/v) trichloroacetic acid, TCA, and allowed to stand for 1 h on ice. The resulting precipitate was recovered by centrifugation at 20,000ϫg for 10 min at 4°C. The precipitate was suspended in 90% (v/v) acetone and centrifuged at 20,000ϫg for 5 min at 4°C twice to remove TCA. Each experiment was repeated four times with a duplicate. These experimental procedures are summarized in Fig. 1 .
Thin layer chromatography of radiolabeled C/M soluble lipid fraction. Midgut homogenate was incubated with UDP-Gal or UDP-GalNAc with MnCl 2 as described above. After thoroughly washing off the unincorporated radioactive sugar nucleotides, the C/M soluble fraction was prepared, applied to a silica gel thin layer chromatography (TLC) plate, 10 cmϫ10 cm (Silica gel 60, Merck, Darmstadt, Germany) and developed with CHCl 3 /Me-OH/DDW (60/35/8) for 6.5 cm. Radioactivity was visualized with BAS-5000 (Fujifilm, Kanagawa, Japan). As a sugar lipid standard, a Standard Mixture of Neutral Glycolipid for TLC (Iso Sep AB, Tullinge, Sweden) was used and visualized with orcinol-sulfuric acid reagent (0.2% (w/v) orcinol, 11.4% (v/v) sulfuric acid).
Liquid scintillation counting. The chloroform/methanol soluble fraction (C/M Sol) was mixed with 1 ml of OCS Scintillation Cocktail (GE Healthcare Bio-Sciences Bioscience Corp, Piscataway, NJ, USA) and replaced in scintillation vials with another 4 ml of OCS Scintillation Cocktail. On the other hand, the water-soluble fraction or chloroform/methanol-insoluble fraction (C/M Insol) was mixed with 150 ml of NCS Tissue Solubilizer (GE Healthcare Bio-Sciences) for 1 h at 30°C to solubilize the precipitate and replaced in scintillation vials containing another 5 ml OCS Scintillation Cocktail. To quench the chemiluminescence of these samples, vials were allowed to stand for 2 h at room temperature and radio activity was counted for 5 min in duplicate. Efficiency was determined with an external standard.
Determination of protein concentration. Pro-tein was quantified with Protein Assay Dye Reagent Concentrate (Bio-Rad Lab, Hercules, CA, USA) using bovine serum albumin (BSA) as the standard.
RESULTS

Effect of Mn 2؉ on the incorporation of sugar nucleotide into midgut homogenate
Hepes buffer containing 10 mM MnCl 2 (final concentration) was used for the incorporation of sugar nucleotides and a 1.9 and 1.5 times higher uptake of UDP-Gal in PXS and PXR, respectively, was obtained than that without Mn 2ϩ (Fig. 2 ). On the other hand, the incorporation of UDPGalNAc into the homogenate increased 4-fold by the addition of Mn 2ϩ . The incorporation in PXS was 1.5 times higher than PXR but this higher ratio in PXS was also observed in the Mg 2ϩ -free condition (Fig. 2) .
Since MnCl 2 severely coagulated the midgut homogenate during the reaction, cell fractionation was not performed in the presence of Mn Incorporation of radiolabeled UDP-Gal and UDPGalNAc into total midgut tissue of P. xylostella. Midgut was prepared from last instars of P. xylostella, which were susceptible and resistant to Cry1Ac. The homogenate containing 1 mg protein was incubated with 50 pmol 6-3 H UDP-Gal or UDPGalNAc with or without 10 mM MnCl 2 for 3 h at 30°C and extracted with a mixture of C/M/100 mM acetic acid (1 : 1 : 0.9) and the organic and water phase was recovered after centrifugation. The reactions without MnCl 2 resulted in fractionates, as depicted in Fig. 1 . Each resultant fractionate was extracted further by a mixture of chloroform : methanol (1 : 1) and radioactivity in both C/M soluble and insoluble fractions in each cell fractionate was summed. This sum was used to express total radioactivity in all cell fractions. Standard deviation (s.d.) was calculated from the mean of four experiments using different two samples on different days. was investigated and it was found that incorporation into the C/M insoluble fraction was 3-fold higher than into the C/M soluble fraction (Fig. 3) . The incorporation was slightly higher in PXS than in PXR.
On the other hand, the incorporation of UDPGalNAc into the C/M soluble fraction was extremely low but that into the C/M insoluble fraction was significantly higher (Fig. 4) . Uptake into the C/M soluble fraction was increased by the addition of MnCl 2 but the real value of incorporation was extremely low (Ͻ5% of total incorporated). Again, the incorporation of GalNAc from UDPGalNAc into the C/M insoluble fraction of PXS was 1.5 times higher than that of the C/M insoluble fraction in PXR.
The uptake ratio of UDP-Gal into the C/M soluble and insoluble fractions changed with the addition of Mn 2ϩ to 1 : 2 from 1 : 3 in the Mn 2ϩ -free condition in PXS; thus, incorporation into the C/M soluble fraction increased more than in the insoluble fraction. Incorporation into C/M soluble and insoluble fractions was about 1.7 and 1.4 times higher respectively, in PXS than in PXR.
Incorporation of UDP-Gal and UDP-GalNAc into cell fractionates of BBM
Galactose was shown to be incorporated into both C/M soluble and insoluble fractions in each cell fractionate (Table 1 ). The incorporation of UDP-Gal into the C/M soluble fraction was always less than into the insoluble fraction even though the amount was significantly detectable. On the other hand, incorporation of UDP-GalNAc into the C/M soluble fraction was almost negligible. Almost 50% of reacted UDP-Gal was incorporated into the C/M insoluble fraction of Nuc/CellDeb. Incorporation into the C/M insoluble fraction of Micro/Cyto showed the next highest value, with incorporation of these two fractions reaching 30% of the total incorporate. On the other hand, 50% of total UDP-Gal was incorporated into the C/M soluble Micro/Cyto fraction, higher than in the C/M insoluble fraction. In all fractions, i.e., Nuc/CellDeb, Mito/Lyso and Micro/Cyto, the incorporation of UDP-Gal into the C/M insoluble fraction was always significantly higher than that of the soluble fraction. These tendencies and incorporated amounts did not differ in PXR and PXS except for Nuc/CellDeb. Thus, the incorporation of PXS into Nuc/CellDeb was 1.4 times higher than that of PXR.
On the other hand, the incorporation of UDPGalNAc into all fractionates was almost negligible in the C/M soluble fractions (Table 2 ), but the ratio of incorporation of UDP-GalNAc into the C/M insoluble fraction of cell fractionates was almost the same as that of UDP-Gal. Unlike the incorporation of UDP-Gal, the incorporation of UDP-GalNAc in PXS in the above three fractions was significantly Fig. 4 . Incorporation of radiolabeled UDP-GalNAc into various fractionates of midgut tissue. Midgut homogenate was reacted with radiolabeled UDP-GalNAc and reactants were fractionated by differential centrifugation as shown in Fig. 1 . All details are as described in Fig. 3 . Significance test was performed as in Fig. 3. higher than in PXR, and in Micro/Cyto, the difference was double (Fig. 4) . The incorporation of UDP-Gal and UDP-GalNAc into cell fractionates is summarized in Tables 1 and 2 , respectively.
Analysis of radioactive sugar lipid by TLC
Radiolabeled C/M soluble sugar lipid was analyzed with TLC and the migration profile of galactose-labeled lipid was significantly different from that labeled with GalNAc (Fig. 5) . The incorporation of GalNAc from UDP-GalNAc into the C/M soluble fraction was very low compared to that of Gal, as shown in Fig. 2 . In the case of GalNAc, comparison of its incorporation into PXR and PXS was slightly difficult due to low radioactivity. In the TLC of lipid labeled with UDP-Gal, five clear spots, which corresponded to mono-to tetraoligosaccharyl lipids and one spot larger than a tetramer, were observed. On the other hand, in the lipid labeled with UDP-GalNAc, only two spots corresponding to a tetra-saccharyl and a larger lipid were detected (Fig. 5) . When the radioactivity intensities of Gal-labeled lipid in PXS and PXR were compared, the monomer and dimer of PXS 114 K. TOMIMOTO et al. The value is expressed as the average of four independent experiments. Nuc/CellDeb: nucleus and cell debris fraction, Mito/Lyso: mitochondria and lysosome fraction, Micro/Cyto: microsome and cytosol fraction. were significantly stronger than those of PXR. On the other hand, in GalNAc-labeled sugar lipid, the radioactivity intensity of the tetra-saccharyl lipid of PXS was higher than that of PXR (Fig. 5 ). Kumaraswami et al. (2001) and Griffitts et al. (2005) suggested that Cry toxin-resistant P. xylostella and C. elegans had an abnormal oligosaccharide structure and sugar transferase activity, respectively. In Cry1Ac-resistant PXR, the oligosaccharylceramide content of BBM was almost half that of PXS, and the length of the oligosaccharide was significantly shorter in the PXR oligomer compared to PXS. Griffitts et al. found that Cry5B-resistant C. elegans was missing sugar transferase which may be involved in the synthesis of sugar ceramide. Thus, we intended to reveal that PXR was also missing sugar transferase activities. By these experiments, we thought that we could generalize the findings of Kumaraswami et al. and Griffitts et al. mentioned above. Furthermore, generalization is important to elucidate the roles of oligosaccharylceramide on plasma membrane in Cry toxin resistance.
DISCUSSION
UDP-Gal and UDP-GalNAc were incorporated into various midgut differentially fractionated cell fractions, and in all fractions incorporation was higher in PXS than in PXR. In particular, in GalNAc, incorporation into the C/M insoluble fraction of Nuc/CellDeb and Micro/Lyso was 1.5 and 2 times higher, respectively, in PXS than in PXR. The difference between PXS and PXR was the significantly higher incorporation of UDP-GalNAc than UDP-Gal. This result seemed to suggest that UDP-GalNAc/GalNAc transferase might better represent the true resistance of P. xylostella to B. thuringiensis Cry toxin than UDP-Gal/Gal transferase. At present, however, an explanation as to why GalNAc incorporation was higher in PXS is not clear. Interestingly, this difference was highest in the C/M insoluble fraction of Micro/Cyto. This suggests that the synthesis of glycolipid and/or glycoprotein in the microsome fraction using UDPGalNAc could be insolubilized in the fraction; thus, in this stage, PXR has some malfunction(s) in glycosylation. UDP-Gal may be used in various synthetic pathways in the cells and this might reduce the characteristic distribution and activity of transferase in PXS. Indeed, UDP-GalNAc was preferentially incorporated into the C/M insoluble fraction whereas UDP-Gal was distributed in both the C/M soluble and insoluble fractions. Nonetheless, it can be said that the difference in sugar nucleotide incorporation between PXS and PXR was most clear in Micro/Cyto, which may be the richest fraction in sugar transferase activities. Kumaraswami et al. (2001) reported that the PXS midgut epithelial cell membrane contained twice as much neutral glycosylceramide as PXR. The results in our report coincide with that report. They further reported that the length of the oligosaccharide portion of glycosylceramide was significantly shorter in PXR and that elongation had apparently stopped at pentose synthesis. If we were able to determine the sugar portion labeled with Gal or GalNAc, a much clearer result might have strongly supported the report by Kumaraswami et al. In our system, however, without the addition of Mn 2ϩ , the incorporation of labeled sugar nucleotides was so low that we could not progress the experiment further. Unfortunately, the addition of Mn 2ϩ results in severe coagulation of cell fractionates, and should be improved in the future. Midgut homogenate was incubated with UDP-Gal or UDPGalNAc with MnCl 2 as above. After thoroughly washing off the unincorporated radioactive sugar nucleotides, the C/M soluble fraction was applied to a HPTLC plate, 10 cmϫ10 cm and developed with CHCl 3 /Me-OH/DDW (60/35/8) for 6.5 cm. Radioactivity was visualized with BAS-5000. The sugar lipid standard was visualized with orcinol-sulfuric acid reagent (0.2% (w/w) orcinol, 11.4% (v/v) sulfuric acid).
The percentage incorporation of both sugar nucleotides into cell fractionates was roughly equal in both PXS and PXR, amounting to 30-50% and 15-20% in Nuc/CellDeb and Mito/Lyso, respectively, while in Micro/Cyto it was 30-50%. Except for the Nuc/CellDeb fraction which contained various unfractionated elements, incorporation into Micro/Cyto was largest among all incorporations into cell fractionates. That incorporation was lowest in Mito/Lyso may be simply explained by the fact that this fraction contains fewer sugar transferases. Griffitts et al. (2005) reported a plausible glycolipid structure in C. elegans which was susceptible to B. thuringiensis Cry5B and, according to their report, the GalNAc residue existed at the fourth position from the ceramide side, and far beyond this fourth residue, no GalNAc residue was suggested to have existed. A Gal residue is thought to be localized far beyond the fourth position, as we discuss below, but several Gal residues are even localized around the non-reducing end in the oligosaccharyl portion of the glycolipid. Although both nematodes and insects are invertebrates, and the basic structure of the major sugar chain attached to ceramide is identical in both, the activity of sugar synthesis might not be the same at a detailed level. It is interesting to note that in P. xylostella, UDP-GalNAc was not incorporated into the glycolipid fraction which was extracted using C/M, whereas UDP-Gal was effectively incorporated into the glycolipid fraction in Micro/Cyto. Generally, a sugar residue located at the non-reducing end might have a higher recognition capacity compared to one located inside the sugar chain; therefore, a Gal residue located in the outer area in the sugar portion of a glycolipid may be more suitable to react with Cry1A toxins than a GalNAc residue located inside the sugar portion. As shown in Fig. 3 , the incorporation of Gal into the Micro/Cyto fraction was reduced in PXR, and this reduction seemed to be related to resistance; however, these Gal might not play an important role in the expression of the PXR phenotype. This hypothesis seems valid since, so far, no reaction between Gal and Cry1A toxins has yet been reported.
TLC of the C/M soluble lipid fraction was shown to contain mono-to tetra-saccharyl lipids (Fig. 5 ), but as mentioned above, in the synthesis of arthro-series saccharylceramide, which is the main lipid in arthropods, including insects, and whose core structure is GalNAcb1-4GlcNAcb1-3Manb1-4Glcb-Ceramide, the Gal residue is incorporated far beyond the fifth position of the sugar chain. Thus, if this is true, the Gal residue does not appear in oligosaccharylceramide which has mono to tetra saccharides (Wiegandt, 1992) .
We used UDP-[6-3 H]-Gal in uptake experiments, thus it is possible that Gal was changed to Glc by UDP-Gal-4-epimerase and that radioactive Glc was incorporated into the first position in those oligosaccharides. However, it is difficult to conceive that all UDP-Gal was converted into other sugars and thus, though we can not neglect the possibility of conversion, our results reflect the physiological synthetic activity of oligosaccharyl lipid in midgut cells to a certain extent.
Another possibility to explain the phenomenon is that Gal was not incorporated into the arthroseries saccharylceramide, but rather incorporated into a different sugar ceramide such as the neogalaseries saccharylceramide, which is specific to invertebrates and is composed of b1-6-linked Gal residues. These saccharides were specifically found in flatworms, platheliminthes, such as tapeworm and round worm, and in annelida, such as earthworms (Dennis et al., 1992; Hada et al., 2001) . Recently, however, these oligosaccharides were also discovered in zygomycetes such as Rhizopus (Aoki et al., 2004) and thus they are much more widely distributed than had originally been thought. To our knowledge, there is no report showing the neogala-series saccharylceramide in lepidopteran insects, but as mentioned above, it is not surprising that they exist in insects.
In this research we found more radiolabeled triand tetra-saccharylceramide than mono-and disaccharylceramide, and this tendency closely resembled the synthetic pattern of the neogala-series saccharylceramide (Aoki et al., 2004) , supporting our assumption.
The incorporation of Gal from UDP-Gal was slightly higher in PXS than in PXR; however, this small enhancement in PXS could not explain the fact that the incorporation of Gal into the C/M soluble fraction was 1.7 times higher in PXS than in PXR (Fig. 2, Table 3 ). Thus, as mentioned above, a certain amount of Gal from UDP-Gal must be incorporated into not only oligosaccharide as a Gal residue but also as Man or Glc residues after the isomerase reaction, and these could be located in a different subcellular fraction to Gal-containing oligosaccharyl lipids.
On the other hand, the incorporation of GalNAc into the C/M soluble fraction was very small and a concrete discussion is difficult. Nonetheless, it is worthy to note that oligosaccharides labeled with GalNAc were detected only as tetra-saccharides and one larger spot. As mentioned above, invertebrate sugar-lipid containing a GalNAc residue at the fourth position is the only arthro-series saccharylceramide. These sugar lipids are the primary lipids in arthropods, including insects, and thus oligosaccharides labeled with GalNAc may be an arthro-series saccharylceramide whose structure is GalNAcb1-4GlcNAcb1-3Manb1-4Glcb-Cer. Ganglioside in vertebrates, which has GalNAc at the third position from the innermost sugar residue, might not exist in invertebrates.
Tetra-saccharylceramide was less in PXR than in PXS. This ceramide is thought to be a precursor for oligosaccharylceramide which has a longer sugar portion. Thus, it was suggested that in PXR, the synthesis of ceramide with a longer oligosaccharide portion must be lower than in PXS, as shown in Kumaraswami et al. (2001) .
Thus, it is possible to speculate that oligosaccharylceramide, whose sugar portion is longer than a tetra-saccharide, may interact with Cry1Ac, which has been known to recognize GalNAc (Burton et al., 1999) . Furthermore, the PXR midgut has a small population of the longer oligosaccharylceramides and this morphology in the midgut cell membrane may result in P. xylostella's resistance to Cry1Ac.
In addition, the effect of Mn 2ϩ on glycosyltransferase activity also differed between PXS and PSR. UDP-Gal/Gal transferase activity was enhanced by Mn 2ϩ 1.9 and 1.5 times more in PXS and PXR, respectively, as compared to controls without Mn 2ϩ . On the other hand, UDP-GalNAc/GalNAc transferase activity was four times more activated in both strains, suggesting that the dependency on Mn 2ϩ in GalNAc transferase was more crucial than in Gal transferase. Although the enhancement of Gal incorporation by Mn 2ϩ was not high compared to that of GalNAc, the enrichment of incorporated Gal in PXS was higher than in PXR for both C/M soluble and insoluble fractions. As summarized in Table 3 , the ratio of enhancement of incorporated Gal increased from 1.1 to 1.7 in the C/M soluble fraction and from 1.2 to 1.4 in the insoluble fraction. These results suggest that UDP-Gal/Gal transferase in PXR showed some resistance in ligating with or accepting Mn 2ϩ . It is important to improve experimental conditions such that Mn 2ϩ works well for transferases. Since the protease inhibitor used (Protease Inhibitor Cocktail for General Use, Sigma-Aldrich) contains a final concentration of 1 mM EDTA, we had to use a higher concentration of Mn 2ϩ (up to 10 mM final concentration) resulting in the coagula- tion of cell fractionates. With such improvements, it is reasonable to expect a higher incorporation of radioactivity and thus experiments to determine molecules possessing radioactivity will be possible.
In conclusion, we revealed that the incorporation of Gal and GalNAc from UDP-Gal and UDPGalNAc was higher in PXS than in PXR; however, the difference in incorporation between the strains was at best 1.5-2 times. This small difference can not explain the much higher difference in the level of resistance between PXS and PXR, which was as high as 100,000 times. Despite this, such low differences in the uptake of sugar nucleotides may be reasonable since nucleotide-sugar/sugar transferase activity is essential for cell viability, and mutants having a very low transferase activity are surely lethal. Thus, due to such a lethal effect caused by a deficiency in sugar transfer, a change of transferase can only occur on sugar transferase which is involved in the transfer of sugar residues located on the outside of oligosaccharide chains. Nonetheless, such a deficiency in sugar transferase must undoubtedly cause a drastic change in the structure of an oligosaccharide chain in glycoproteins and/or glycolipids as we have already mentioned above. Recently we found that PXR was missing Gal transferase, which is however present in PXS (Mahmood et al., unpublished data) . At least one of the possibilities to explain the resistance of P. xylostella against Cry1Ac may be a change in the formation of oligosaccharides located on the midgut epithelial cell surface.
